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Description 

BACKGROUND OF THE INVENTION 

5 This invention relates to polyethylene glycol derivatives which are novel and of use as a peptide- 
modifying reagent, peptides having amino groups which are modified by said polyethylene glycol deriva- 
tives, methods for production thereof and use of the modified peptides. 

In recent years, with the development of the researches of proteins, a great number of peptides having 
various actions have been found. Owing to the progress of genetic recombination techniques and organic 

10 synthetic methods of peptides, it has become possible to obtain these physiologically active peptides and 
their structurally analogous compounds in a large amount. Many of these peptides having special activity 
are extremely useful as pharmaceuticals. 

However, it is known that the clearance of peptides which have been administered in the circulatory 
system is generally very fast, and therefore improvement in durability of such peptides has been desired. 

75 Besides, since there is a risk of causing serious symptom due to the production of antibodies in the case 
where the peptides are obtained from different species of animals or designed by peptide protein 
engineering, and they are different from those from humans in structure, improvement of the antigenicity of 
said peptides has been desired. 

In order to use these peptides as pharmaceuticals, it is necessary to solve said problems in the aspect 

20 of their antigenicity and durability. The method of modifying the peptides chemically with macromolecular 
compounds is known to be extremely effective as the means by which to solve the above-mentioned 
problems. 

Thus, polyethylene glycol derivatives have been widely used as peptide-modifying macromolecular 
reagents because they have excellent characteristics that they do not have immunogenicity themselves and 

25 that they do not affect the three-dimensional structures of peptides in aqueous solutions. 

In modifying the amino groups at the N-terminal or in the side-chain of the lysine residues of the 
peptides using derivatives having one polyethylene glycol chain, there have been known a method wherein 
polyethylene glycol is introduced after conversion into an activated compound such as an acyl azide 
compound (Theodorus, Van Es. et a!, Japanese Patent Publication (Kokoku) No. 23587/1981), the method 

30 with polyethylene glycol triazine derivatives [Frank F. Davis et al, J. Boil. Chem., 252, 3578-3581 (1977), the 
method wherein an active ester of. N-hydroxysuccinimide is used for introduction [Leonard M. et al, 
Tetrahedron, 40, 1581-1584 (1984), Abuchowski, A. et al, Cancer Biochem. Biophys., 7, 175 (1984)], the 
method wherein an activated compound introduced by carbonyldiimidazole is used [Charles, O. Beauchamp 
et al, Anal. Biochem., 131, 25-33 (1983)], the method with polyethylene glycol aldehyde derivatives [Fujino 

35 et al, Japanese Patent Unexamined Publication (Kokai) No. 178926/1986] and so on. In the meantime, as 
the method wherein derivatives having two polyethylene glycol chains are used, there have been known the 
method with polyethylene glycol triazine derivatives (Inada et al, Japanese Patent Publication (Kokoku) No. 
42558/1986 and so on) and the method with polyethylene glycol triazine carboxylic acid derivatives 
(Yamazaki et al, Japanese Patent Unexamined Publication (Kokai) No. 316400/1989). 

40 Despite the fact that derivatives having two polyethylene glycol chains are more effective in terms of 
reduction of antigenicity than those having one polyethylene glycol chain, [Inada et al, Japanese Patent 
Publication (Kokoku) No. 42558/1986, Inada et al, Chemistry Letters. 733 (1980), Inada et al., Seikagaku, 
52, 1255-1267 (1980)], only triazine derivatives of Inada et al and Yamazaki et al as mentioned above are 
derivatives having two polyethylene glycol chains and capable of modifying amino groups, which have been 

45 known so far. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide derivatives having two polyethylene glycol chains, which 
so do not possess triazine ring and are capable of modifying amino groups in peptides. 

Another object of this invention is to provide modified peptides which can be obtained by using said 
polyethylene glycol derivatives. 

The present inventors conducted intensive researches and studies for the purpose of attaining the 
above-mentioned objects to find that the below-mentioned polyethylene glycol derivatives (I) could modify 
55 amino groups in peptides. Further researches and studies resulted in completion of the present invention. 
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The first invention of the present application relates to polyethylene glycol derivatives (I) of the formula 



OCHzCHzi 



Ri—f OCHzCrhrT 




<-CH 2 -hr COOH (I) 



10 



15 



20 



wherein Ri and Ffe are the same or different and each represents a straight or branched alkyl group having 
1 to 4 carbon atoms, m and n are the same or different and each represents a positive integer and p is 0 or 
a positive integer. 

The second invention of the present application relates to modified peptides which can be obtained by 
reacting a carboxyl group-activated compound of the polyethylene glycol derivatives (I) with peptides having 
amino groups. 

The third invention of the present application relates to methods for producing the polyethylene glycol 
derivatives (I) comprising reacting a compound of the formula (III) or (IIP) 



Ri (" 0CH 2 CH 2 -)v— Xi (III) 

Ri 1 OCHzCHzfir- X* (III' ) 

25 

wherein X1 and X2 are the same or different and each represents an alkylsulfonyloxy (e.g. a lower 
alkylsulfonyloxy having 1 - 4 carbon atoms such as methyl su If onyloxy or ethylsulfonyloxy), an aromatic 
suifonyloxy (e.g. toluenesulfonyloxy) or a halogen (chlorine, bromine, iodine, etc.), and Ri, R2, m and n are 
30 as defined above, with a compound of the formula (IV) 



35 




f- CHi-hr- COOH 



(IV) 



40 wherein p is as defined above. 

The fourth invention of the present application relates to methods for producing the modified peptides 
comprising reaction of a carboxyl group-activated compound of the polyethylene glycol derivatives (I) and a 
peptide having at least one free amino group. 

The fifth invention of the present application relates to pharmaceutical compositions containing a 
45 modified peptide and a pharmaceutical ly acceptable carrier. 

DETAILED DESCRIPTION OF THE INVENTION 

In formula (I), the straight-chain or branched-chain alkyl groups having 1 to 4 carbon atoms represented 
50 by Ri and R 2 may be methyl, ethyl, n-propyl, isopropyl and n-butyl. As regards m and n, there is no 
particular limitation imposed thereon, but a positive integer of 10-400, particularly 20-150 is preferable. No 
limitation is imposed on p, either, but 0 or a positive integer of 1-10 is preferable. 

The polyethylene glycol derivatives (I) of the present invention can be easily produced by the following 
methods: 

55 That is, by reacting a monoalkoxypolyethylene glycol of the formula 



4 



EP 0 473 084 B1 



Ri 1 0CH 2 CHrft— OH (II) 

5 Rz 1 0CH 2 CH2"1i — OH (ID 

wherein Ri, R2, m and n are of the same meanings as defined above, with an appropriate activating 
reagent, preferably in the presence of a base, there is obtained activated compound of the formula 

10 

Ri 1 OCHzCHz-hT— X t (III) 

R 2 1 OCHiCHft^— X 2 (III 1 ) 



wherein X1 , X2, Ri , R2, m and n are as defined above. 

As the activating reagents to be used in the reaction, mention may be made of, for example, ® 
20 alkylsulfonyl chlorides (As the alkyl moiety, preferred are the same lower alkyls as the above-mentioned 

alkyls. There may be mentioned, for example, methylsulfonyl chloride, ethylsulfonyl chloride and the like.) 

[Ronald K. Crossland et al, J. Org. Chem., 35, 3195 (1970)], @ aromatic sulfonyl chlorides (e.g. 

toluenesulfonyl chloride) [Vladimir C. Sekera et al, J. Amer. Chem. Soc, 55, 345 (1933)], © phosphorus 

pentabromide [James Cason et al, J. Org. Chem., 26, 3645 (1961)] and the like, and further, @ the 
25 compounds of the formula C(X)4 [wherein X represents a halogen (e.g. chlorine, bromine)] which are used 

in the presence of a compound of the formula (R^P [wherein R' represents an alkyl group (e.g. octyl), an 

aryl group (e.g. phenyl) or a dialkylamino group (e.g. dimethylamino)] [J. H002 et al, Can. J. Chem., 46, 86 

(1968)], and the like. 

As the bases to be used in the reaction, mention may be made of pyridine, tertiary organic bases such 
30 as tri alky lam ine (e.g. triethylamine) and inorganic bases such as sodium hydroxide, potassium hydroxide, 
sodium carbonate and sodium hydride. As the reaction solvent, there can be used any per se inert solvents 
such as N,N-dimethylform amide, benzene, toluene, lower dialkyl ether, carbon tetrachloride, chloroform, 
methylene chloride, dioxane and tetrahydrofuran. Some of the above-mentioned bases such as pyridine can 
be used as solvents themselves. The reaction temperature is usually in the range of from O'C to 150*C. 
35 Thereafter, by reacting the activated compound (III and/ or III') with a dihydroxybenzene derivative of 
the formula (IV) 



40 




(IV) 



45 

wherein p is as defined above, in an appropriate solvent such as N,N-dimethylformamide or tetrahydrofuran 
in the presence of an appropriate base exemplified by an inorganic base such as potassium carbonate or 
sodium carbonate or an organic base such as triethylamine, tri-n-butylamine or diazabicyclo-2,2,2-un- 
decene, a polyethylene derivative (I) of the formula 

50 



55 
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Rr-f 0CH t CH l tir— 0 




P 



C00H ( I ) 



Rf-f-OCHiCHfli — 0 



wherein Ri, R2, m, n and p are of the same meanings as mentioned above can be obtained. The reaction 
temperature is normally between -20 °C and 200 *C. The polyethylene glycol derivatives (I) can be also 
produced by reacting a dihydroxybenzene derivative of the formula (IV) with the activated compounds III or 
III' with the same solvent, base and reacting temperature as mentioned above to obtain mono-polyethylene 
glycol derivatives, followed by reaction with III or III'. 

The thus-produced polyethylene glycol derivatives (I) can be separated and purified to obtain ones 
having an optional purity by a per se known means. 

Throughout the present specification, peptides mean compounds wherein two or more amino acids are 
bonded to each other by peptide linkage, and at least one of the constituent amino acids has at least one 
free amino group. 

As such peptides, any peptides derived from various animals including humans, microorganisms or 
plants and those produced by genetic engineering and by synthesis may be employed. Examples include 
cytokines such as various interferons (e.g. interferon-a, interferon-^, interferon-7), interleukin-2 and inter- 
leukin-3 , hormones such as insulin, growth hormone-releasing factor (GRF), calcitonin, calcitonin gene 
related peptide (CGRP), atrial natriuretic peptide (ANP), vasopressin, corticotropin-releasing factor (CRF), 
vasoactive intestinal peptide (VIP), secret in, o-melanocyte-stimulating hormone (a-MSH), adrenocor- 
ticotropic hormone (ACTH), cholecystokinin (CCK), glucagon, parathyroid hormone (PTH), somatostatin, 
endothelin, substance P, dynorphin, oxytocin and growth hormone-releasing peptide [GHRP, e.g. En- 
docrinology, 1 14, 1537 (1984)], growth factors such as growth hormone (GH), insulin-like growth factor (IGF- 
I, IGF-II), 0-nerve growth factor 09-NGF), basic fibroblast growth factor (bFGF), transforming growth factor, 
erythropoietin, granulocyte colony-stimulating factor (G-CSF), granulocyte macrophage colony-stimulating 
factor (GM-CSF), platelet-derived growth factor (PDGF) and epidermal growth factor (EGF), enzymes such 
as tissue plasminogen activator (t-PA), elastase, superoxide dismutase (SOD), bilirubin oxydase, catalase, 
uricase and asparaginase, other proteins such as ubiquitin, islet activating protein (IAP), serum thymic factor 
(STF), peptide-T and trypsin inhibitor, and derivatives thereof. 

The production of the modified peptides of the present invention can be carried out by reacting a 
carboxyl group-activated compound of the polyethylene glycol derivatives (I) with peptides having amino 
groups. Activation of the polyethylene glycol derivatives (I) can be conducted by a known activating method 
for carboxyl group such as the activating method for carboxyl group as described in Seikagaku Jikken 
Koza t Vol. 1, Tanpakushitsu no Kagaku IV, Tokyo Kagaku Dojin and Izumiya et al, Pepuchido Gosei no 
Kiso to Jikken, Maruzen. 

The desired degree of modification of the modified peptides varies depending on the purpose of 
modification and properties of each peptide. Thus, it is necessary to optionally select or adjust the degree 
of modification per peptide by adjusting the molar ratio of the carboxyl group-activated compound of the 
polyethylene glycol derivatives (I) to said peptides, reaction temperature, pH etc. Accordingly, the molar 
ratio of the carboxyl group-activated compound of the polyethylene glycol derivatives (I) to the amino group 
of the peptide should be varied according to the desired degree of modification. 

The reaction temperature is such that said peptides are not inactivated, and preferably between 0*C 
and 25 *C. 

While a reaction pH is set for any pH above 4.5 and which does not inactivate the peptides, since the 
polyethylene glycol derivatives (I) of the invention can be reacted at any pH above 4.5, it is generally 
between 6 and 9. 

As the solvent to be used in the reaction, there can be used any solvent which does not prevent the 
reaction. Such solvents include, for example, buffer solutions such as phosphate buffer solution, borate 
buffer solution, an aqueous solution of sodium carbonate, an aqueous solution of sodium hydrogen 
carbonate, N-ethylmorpholine-acetic acid buffer solution, sodium maleate buffer solution and sodium acetate 
buffer solution. There can be added an organic solvent which does not inactivate the peptides and are inert 
to the reaction, exemplified by lower alcohols such as methanol, ethanol and propanol, acetonitrile, dioxane, 
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tetrahydrofuran and the like. The sufficient reaction time is from 1 to 72 hours. 

After the completion of the reaction, the reaction mixture is purified by a conventional protein- 
purification method such as salting-out, gel filtration, ion exchange chromatography, adsorption chromatog- 
raphy, affinity chromatography, ultrafiltration or preparative reversed phase HPLC, to obtain the objective 
5 modified peptides. 

The modified peptides of the present invention can be formulated into suitable pharmaceutical 
preparations such as capsules and injections in admixture with carriers, diluents, etc. known per se, which 
can be orally or parenterally administered to mammals (e.g. cows, horses, pigs, sheep, humans). 

For example, in the case where the chemically modified SOD as obtained in accordance with Example 
70 2 is administered for the treatment of acute myocardial infarction, the daily dose is usually 1-100 mg, 
which is administered in one dose or several times divided doses. 

The polyethylene glycol derivatives (I) of the present invention are capable of modifying amino groups 
in peptides. 

In addition, the polyethylene glycol derivatives (I) of the present invention have a characteristic feature 
75 in that the modification reaction can be conducted in a wider range of pH. 

The peptides modified by the polyethylene glycol derivatives (I), as compared with the corresponding 
non-modified peptides, are decreased in antigenicity, are considerably delayed in biological clearance (i.e. 
the durability is extended) and exhibit their physiological activities effectively over the long period. Besides, 
the modified peptides retain the physiological activities which the non-modified peptides possess. Thus, the 
20 modified peptides are very effective as the pharmaceuticals as well as the drugs for animals. 

The present invention is in further detail explained by the following examples, which are not limitative to 
the present invention. 

In the following description, each abbreviation means the following, respectively. 



Asx. 
Glx. 


aspartic acid or asparagine 


glutamic acid or glutamine 


Ser. 


serine, 


Gly. 


glycine 


His. 


histidine, 


Arg. 


arginine 


Thr. 


threonine, 


Ala. 


alanine 


Pro. 


proline, 


Tyr. 


tyrosine 


Val. 


valine, 


Met. 


methionine 


lie. 


isoleusine, 


Leu. 


leusine 


Phe. 


phenylalanine, 


Lys. 


lysine 



Example 1 

40 Production of 3,5-bis-methoxypolyethylene glycol benzoic acid and its N-hydroxysuccinimide ester 
(1) Production of monomethoxypolyethylene glycol tosylate 




55 Polyethylene glycol monomethyl ether (average molecular weight 4500, 100g) was dissolved in a mixed 
solvent of 400 ml of toluene and 200 ml of methylene chloride. 

Triethylamine (20 ml) was added thereto, followed by addition of p-toluenesulfonyl chloride (36 g). The 
mixture was stirred at room temperature for 5 hours. Thereafter, triethylamine (20 ml) and p-toluenesulfonyl 
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chloride (30 g) was further added, and the mixture was stirred for 10 hours. The insoluble matters were 
filtered off, and the filtrate was evaporated to dryness under reduced pressure. The residue obtained was 
purified by silica gel column chromatography to give 100.5 g of the title monomethoxypolyethylene glycol 
tosylate (Yield 97.2%). 

.Reversed phase high performance liquid chromatography 



70 



75 



Column : 
Eluent : 
A Solution : 
B Solution : 

Initial concentration of B Solution : 
Concentration gradient : 
Flow rate : 
Retention time : 



YMC-ODS, 5ix,^ 4.6 x 250 mm 
Gradient 

Water (containing 0.1% trifluoroacetic acid) 
Acetonitrile (containing 0.1% trifuluoroacetic acid) 
30% 
1%/min. 

1 ml/min., Detection wavelength : 214 nm 
21 .8 minutes 



(2) Production of 3,5-bis-methoxypolyethylene glycol benzoic acid 



20 



25 



CH 3 1 OCHaCHrn— 0 

CH 3 1 0CH 2 CHr)r— 0 




OH : 



30 Monomethoxypolyethylene glycol tosylate (4.00 g) as obtained in (1) and 3 ,5-di hydroxy benzoic acid (34 
mg) were dissolved in N.N-dimethylformamide (30 ml). Potassium carbonate (1.665 g) was added thereto, 
and the mixture was stirred in an oil bath at 110* C for 2 hours. The insoluble matters were filtered off, and 
the filtrate was evaporated to dryness under reduced pressure. The residue was dissolved in water (50 ml), 
added with 1N sodium hydroxide (50 ml) and stirred at 50 'C for 1 hour. The mixture was neutralized with 

35 1N hydrochloric acid and pH was adjusted to 4.0 with 50% acetic acid. Thereafter, the mixture was 
subjected to ultrafiltration (Millipore Corp. Pellicon cassette system, membrane PT-1 0,000) to purify and 
desalt, after which concentration was conducted by ultrafiltration (Amicon Corp. membrane YM-10) to give 
the desired aqueous solution. The solvent was distilled off under reduced pressure to give 1.19 g of the title 
3,5-bis-methoxypolyethylene glycol benzoic acid. 



40 



-Reversed phase high performance liquid chromatography 

Column : YMC-ODS, 5 U. *4.6 * 250 mm 

Eluent : Gradient 

45 A Solution : Water (containing 0.1% trifluoroacetic acid) 

B Solution : Acetonitrile (containing 0.1% trifuluoroacetic acid) 

Initial concentration of B Solution : 30% 

Concentration gradient : 1%/min. 

Flow rate : 1 ml/min., Detection wavelength : 214 nm 

Retention time : 18.22 minutes 



50 



55 



- High performance gel filtration chromatography 

Column : TSK gel G3000 PW, $7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI 

Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time : 22.09 minutes 
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- High performance gel filtration chromatography 

Column : TSK gel G3000 SW, $7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI (containing 5% EtOH) 

5 Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time : 26.81 minutes 

(3) Production of 3,5-bis-methoxy polyethylene glycol benzoic acid N-hydroxysuccinimide ester 



75 




20 3,5-bis-Methoxypolyethylene glycol benzoic acid (1.182 g) as obtained in (2) was dissolved in N,N- 
dimethylformamide (10 ml), and thereto were added N-hydroxysuccinimide (180 mg) and 0.5 M dicyclohex- 
ylcarbodiimide in methylene chloride (3.1 1 ml), followed by stirring at room temperature for 27 hours. The 
resultant precipitate was filtered off, and diethyl ether (200 ml) was dropwise added to the filtrate, followed 
by filtration of the newly resulted precipitate. The precipitate was washed with diethyl ether, and dried at 

25 room temperature for 12 hours to give 1.163 g of the title 3,5-bis-methoxypolyethylene glycol benzoic acid 
N-hydroxysuccinimide ester (Yield 97%). 



-Reversed phase high performance liquid chromatography 



30 



35 



Column : 
Eluent : 
A Solution : 
B Solution : 

Initial concentration of B Solution ; 
Concentration gradient : 
Flow rate : 
Retention time : 



YMC-ODS, 5 u, $4.6 x 250 mm 
Gradient 

Water (containing 0.1% trifluoroacetic acid) 
Acetonitrile (containing 0.1% trifuluoroacetic acid) 
30% 
1%/min. 

1 ml/min., Detection wavelength : 214 nm 
18.76 minutes 



- High performance gel filtration chromatography 

40 

Column : TSK gel G3000 PW, $7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI 

Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time : 22.97 minutes 

45 

- High performance gel filtration chromatography 



Column : TSK gel G3000 SW, $7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI (containing 5% EtOH) 

so Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time : 26.81 minutes 



Example 2 

55 Production of superoxide dismutase modified by a polyethylene glycol derivative (I) (PEG-modified SOD) : 

To 5.0 mg of Cu, Zn-SOD derived from human in 2.5 ml of a 0.1 M borate buffer (pH 8.21) was added 
189 mg of 3,5-bis-methoxypolyethylene glycol benzoic acid N-hydroxysuccinimide ester as obtained in 
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Example 1 (6 equivalent amount relative to the amino group) and the mixture was stirred at room 
temperature for 3 hours. After adjusting the pH to 5.5 with 20% AcOH, it was purified by gel filtration on 
Sephacryl S-200 column (Pharmacia Corp., 4> 2.6 x 81 cm). Thereafter, the objective fraction was subjected 
to desalting and concentration by ultrafiltration with the use of YM-30 membrane manufactured by Amicon 
Corp., USA, and thereby 1.8 ml of the solution containing the objective compound was obtained (contained 
protein 1 .283 mg/ml). 

The results of the amino acid analysis by 24 hours' treatment for acid decomposition of the objective 
compound with 6N hydrochloric acid-phenol at 110*C : 



Asx. 


31.8 (36); 


Glx. 


23.7 (26); 


Ser. 


17.2 (20); 


Gly. 


43.9 (50); 


His. 


14.4 (16); 


Arg. 


7.16 (8); 


Thr. 


14.7 (16); 


Ala. 


*20.0 (20); 


Pro. 


9.63 (10); 


Val. 


21.6 (28); 


lie. 


11.0 (18); 


Leu. 


16.5 (18); 


Phe. 


6.70 (8); 


Lys. 


15.7 (22) 







(* means standard amino acid and the figures in parentheses are theoretical 
values) 



20 



-Reversed phase high performance liquid chromatography 



25 



Column : 
Eluent : 
A Solution : 
B Solution : 

Initial concentration of B Solution : 
Flow rate : 
Retention time : 



YMC-ODS, 5 u, <f> 4.6 x 250 mm 
Gradient 

Water (containing 0.1% trifluoroacetic acid) 
Acetonitrile (containing 0.1% trifuluoroacetic acid) 
30% Concentration gradient : 1%/min. 
1 ml/min., Detection wavelength : 214 nm 
18.9 minutes 



30 



35 



-High performance gel filtration chromatography 



Column : 
Eluent : 
Flow rate : 
Retention time : 



TSK gel G3000 PW, <f>7.5 x 600 mm (Manufactured by Toso Corp.) 
0.2 M NaCI 

0.6 ml/min., Detection wavelength : 220 nm 
20.05 minutes 



- High performance gel filtration chromatography 

Column : TSK gel G3000 SW, <f>7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI (containing 5% EtOH) 

Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time : 17.37 minutes 



Example 3 

Production of insulin-like growth factor-l modified by a polyethylene glycol derivative (I) (PEG-modified IGF- 
I): 

To 1.09 mg of IGF-I in 500 ul of a 0.1 M borate buffer (pH 8.21) was added 10.9 mg of 3,5-bis- 
methoxypolyethylene glycol benzoic acid N-hydroxysuccinimide ester as obtained in Example 1 (2 equiv- 
alent amount relative to the amino group), and the mixture was stirred at room temperature for 5.5 hours. 
After adjusting the pH to 4.74 with 10% acetic acid, the mixture was purified by gel filtration on Sephacryl 
S-200 column (Pharmacia Corp., <f>2.6 x 81 cm), and the objective fraction was subjected to desalting and 
concentration by ultrafiltration with the use of YM-10 membrane manufactured by Amicon Corp. to give 1.8 
ml of an aqueous solution containing the objective compound (contained protein : 359 ug/ml). 

The results of the amino acid analysis by 24 hours 1 treatment for acid decomposition of the objective 
compound with 6N hydrochloric acid-phenol at 110* C: 
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Asx. 


4.89 (5); 


Glx. 


5.44 (6); 


Ser. 


4.68 (5); 


Gly. 


7.05 (7); 


Arg. 


6.00 (6); 


Thr. 


2.85 (3); 


Ala. 


6.14(6); 


Pro. 


4.87 (5); 


Tyr. 


2.91 (3); 


Val. 


2.41 (3); 


Met. 


0.70 (1); 


tie. 


0.72 (1); 


Leu. 


*6.00 (6); 


Phe. 


3.92 (4); 


Lys. 


2.70 (3) 



(* means standard amino acid and the figures in parentheses are theoretical 
values) 



-Reversed phase high performance liquid chromatography 

Column : YMC-ODS, 5 u, <fr 4.6 x 250 mm 

Eluent : Gradient 

A Solution : Water (containing 0.1% trifluoroacetic acid) 

B Solution : Acetonitrile (containing 0.1 % trifuluoroacetic acid) 
Initial concentration of B Solution : 25% 

Concentration gradient : 1%/min. 

Flow rate : 1 ml/min., Detection wavelength : 214 nm 

Retention time : 23.5 minutes 

-High performance gel filtration chromatography 



Column : TSK gel G3000 PW, <f>7.S x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI 

Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time : 20.68 minutes 



Example 4 

Production of insulin-like growth factor-ll modified by a polyethylene glycol derivative (I) (PEG-modified IGF- 
II): 



To 1.0 mg of IGF-II in 1 ml of a 0.1 M borate buffer (pH 8.21) was added 8 mg of 3,5-bis- 
methoxypolyethylene glycol benzoic acid N-hydroxysuccinimide ester as obtained in Example 1 , and the 
mixture was stirred at room temperature for 1.5 hours. The modifying reagent (10 mg) was further added 
(6.75 equivalent amount in total relative to the amino group), followed by 13 hours' stirring. After adjusting 
the pH to 5.5 with 10% AcOH, the reaction mixture was purified by gel filtration on Sephacryl S-200 column 
(Pharmacia Corp., <f>2.6 x 81 cm), and the objective 2 fractions ® , @ were subjected to desalting and 
concentration by ultrafiltration with the use of YM-10 membrane manufactured by Amicon Corp. to give 1 ml 
each of an aqueous solution containing the objective compound (contained protein in® : 59.1 ug/ml, 
contained protein in @ : 29.4 ug/ml). 

The results of the amino acid analysis by 24 hours' treatment for acid decomposition of the objective 
compound with 6N hydrochloric acid-phenol at 110° C: 



©: 


Asx. 


2.92 (3); 


Glx. 


6.21 (7); 


Ser. 


6.17(7); 


Gly. 


4.60 (5); 


Arg. 


6.49 (8); 


Thr. 


3.71 (4); 


Ala. 


•5.00 (5); 


Pro. 


2.79 (3); 


Tyr. 


2.27 (3); 


Val. 


2.90 (4); 


Met. 


0.18(1); 


He. 


0.72 (1); 


Leu. 


5.52 (6); 


Phe. 


2.72 (4); 


Lys. 


1.03 (1) 



f means standard amino acid and the figures in parentheses are theoretical 
55 values) 



11 



EP 0 473 084 B1 



@: 


Asx. 


2.84 (3); 


Glx. 


6.37 (7); 


Ser. 


6.30 (7); 


Gly. 


4.38 (5); 


Arg. 


7.00 (8); 


Thr. 


3.51 (4); 


Ala. 


5.04 (5); 


Pro. 


2.73 (3); 


Tyr. 


2.15(3); 


Val. 


3.01 (4); 


Met. 


0.18(1); 


lie. 


2.02(1); 


Leu. 


"6.00 (6); 


Phe. 


2.80 (4); 


Lys. 


0.83 (1) 



(* means standard amino acid and the figures in parentheses are theoretical 
values) 



- High performance gel filtration chromatography 

Column : TSK gel G3000 PW, <*> 7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI 

Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time © : 20.68 minutes 

Retention time © : 21 .24 minutes 

- High performance gel filtration chromatography 

Column : TSK gel G3000 SW, 4> 7.5 x 600 mm (Manufactured by Toso Corp. ) 

Eluent : 0.2 M NaCI (containing 5% EtOH) 

Flow rate : 0.6 ml/min., Detection wavelength 220 nm 

Retention time © : 21 .74 minutes 

Retention time @ : 23.41 minutes 

Example 5 

Production of calcitonin gene related peptide modified by a polyethylene glycol derivative (I) (PEG-modified 
CGRP): 

To 1.00 mg of CGRP in 500 ul of a 0.1 M borate buffer (pH 8.21) was added 22 mg of 3,5-bis- 
methoxypolyethylene glycol benzoic acid N-hydroxysuccinimide ester as obtained in Example 1 (3 equiv- 
alent amount relative to the amino group), and the mixture was stirred at room temperature for 4 hours. 
After adjusting the pH to 6.0 with 10% AcOH, the reaction mixture was purified by gel filtration on Sephacryl 
S-200 column (Pharmacia Corp.,$2.6 x 81 cm), and the objective 2 fractions © , ® were subjected to 
desalting and concentration by ultrafiltration with the use of YM-10 membrane manufactured by Amicon 
Corp. to give 1 ml each of an aqueous solution containing the objective compound (contained protein in © 
: 74.2 ug/ml, contained protein in © : 112 ug/ml). 

The results of the amino acid analysis by 24 hours' treatment for acid decomposition of the objective 
compound with 6N hydrochloric acid-phenol at 110* C: 



©: 


Asx. 


3.70 (4); 


Ser. 


3.18(3); 


Gly. 


4.58 (4); 


His. 


0.98 (1); 


Arg. 


1.94 (2); 


Thr. 


3.80 (4); 


Ala. 


M.OO (4); 


Pro. I 


1.06 (1); 


Val. 


3.89 (5); 


Leu. 


3.04 (3); 


Phe. 


1.93 (2); 


Lys. 


1.92 (2) 



{* means standard amino acid and the figures in parentheses are theoretical 
values) 
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@: 


Asx. 


4.28 (4); 


Ser. 


3.33 (3); 


Gly. 


4.51 (4); 


His. 


1.02 (1); 


Arg. 


2.06 (2); 


Thr. - 


3.99 (4); 


Aia. 


3.92 (4); 


Pro. 


1.11(1); 


Val. 


4.52 (5); 


Leu. 


*3.00 (3); 


Phe. 


2.08 (2); 


Lys. 


2.21 (2) 



(* means standard amino acid and the figures in parentheses are theoretical 
values) 



- High performance gel filtration chromatography 

Column : TSK gel G3000 SW, <f> 7.5 x 600 mm (Manufactured by Toso Corp.) 

75 Eluent : 0.2 M NaCI (containing 5% EtOH) 

Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time ® : 20.78 minutes 

Retention time @ : 22.32 minutes 



20 Example 6 



Production of elastase modified by a polyethylene glycol derivative (I) (PEG-modified elastase): 

To 1.00 mg of swine elastase in 500 ul of a 0.1 M borate buffer (pH 8.21) was added 7.1 mg of 3,5-bis- 
25 methoxypolyethylene glycol benzoic acid N-hydroxysuccinimide ester obtained in Example 1 (5 equivalent 
amount relative to the amino group), and the mixture was stirred at room temperature for 24 hours. After 
adjusting the pH to 6.0 with 10% AcOH, the reaction mixture was purified by gel filtration on Sephacryl S- 
200 column (Pharmacia Corp., <j> 2.6 x 81 cm), and the objective fraction was subjected to desalting and 
concentration by ultrafiltration with the use of YM-10 membrane manufactured by Amicon Corp. to give 1 ml 
30 of an aqueous solution containing the objective compound (contained protein : 64 ug/ml). 

The results of the amino acid analysis by 24 hours' treatment for acid decomposition of the objective 
compound with 6N hydrochloric acid-phenol at 110* C: 



Asx. 


22.2 (24); 


Glx. 


19.1 (19); 


Ser. 


20.8 (22); 


Gly. 


25.5 (25); 


His. 


5.75 (6); 


Arg. 


11.3 (12); 


Thr. 


18.2 (19); 


Ala. 


*17.0 (17); 


Pro. 


7.37 (7); 


Tyr. 


10.1 (11); 


Val. 


21.5 (27); 


Met. 


0.77 (2); 


He. 


9.88 (10); 


Leu. 


17.1 (18); 


Phe. 


2.99 (3); 


Lys. 


3.59 (3) 











(* means standard amino acid and the figures in parentheses are theoretical 
values) 



- High performance gel filtration chromatography 

Column : TSK gel G3000 SW, </> 7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI (containing 5% EtOH) 

Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time : 22.62 minutes 



55 
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Example 7 

Production of 3,4-bis-methoxypolyethylene glycol dihydrocinnamic acid and its N-hydroxysuccinimide ester 
5 (1) Production of monomethoxypolyethylene glycol tosylate 



10 



OCHiCHi-t 




75 



20 



25 



30 



Polyethylene glycol monomethyl ether (average molecular weight 5,000, 100 g) was dissolved in a 
mixed solvent of 250 ml of methylene chloride and 500 ml of toluene. Triethylamine (15 ml) and p- 
toluenesulfonyl chloride (20 g) were added thereto, and the mixture was stirred at room temperature for 7 
hours. Thereafter, triethylamine (15 ml) and p-toluenesulfonyl chloride (20 g) were further added, and the 
mixture was stirred for 17 hours. The insoluble matters were filtered off. and the filtrate was evaporated to 
dryness under reduced pressure. The residue obtained was purified by silica gel column chromatography to 
give 98 g of the title monomethoxypolyethylene glycol tosylate. 

- Reversed phase high performance liquid chromatography 



Column : 
Eluent : 
A Solution : 
B Solution : 

Initial concentration of B Solution : 
Concentration gradient : 
Flow rate : 
Retention time : 



YMC-ODS, 5 u, </>4.6 x 250 mm 
Gradient 

Water (containing 0.1% trifluoroacetic acid) 
Acetonitrile (containing 0.1% trifluoroacetic acid) 
30% 
1%/min. 

1 ml/min., Detection wavelength : 220nm 
20.33 minutes 



35 - High performance gel filtration chromatography 

Column : TSK gel G3000 PW, <f>7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI 

Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

40 Retention time : 25.61 minutes 



(2) Production of 3,4-dihydroxy dihydrocinnamic acid methyl ester 



45 




CH 2 CH 2 C00CH 3 



50 



3,4-Dihydroxydihydrocinnamic acid (5 g) was dissolved in N,N-dimethylformamide (20 ml), and 4-N.N- 
dimethyiaminopyridine (305 mg) and methyl alcohol (15 ml) were added thereto, followed by cooling to 
5*C. Thereto was added l-ethyl-3-(3-dimethylaminopropyl)carbodiimide (5.72 g), and the mixture was 
stirred at 5*C for 30 minutes and at room temperature for 4 hours. Ethyl acetate was added to the reaction 
mixture, and it was washed with a 5% aqueous solution of citric acid, a saturated aqueous solution of 



14 



EP 0 473 084 B1 



sodium bicarbonate and a saturated aqueous solution of sodium chloride and dried over MgSO*. The 
desiccating agent was filtered off, and the filtrate was evaporated to dryness under reduced pressure to 
give 5 g of a crude product which was then purified by silica gel column chromatography to give 2.237 g of 
the title compound. 

5 

- Thin-layer chromatography 

Kiesel gel 60F 25 *, CHCfe :MeOH = 10:1 Rf = 0.5 
w (3) Production of 3,4-bis-methoxypolyethylene glycol dihydrocinnamic acid 




20 

Monomethoxypolyethylene glycol tosylate (41.3 g) as obtained in (1) and 3,4-dihydroxydihydrocinnamic 
acid methyl ester (400 mg) as obtained in (2) were dissolved in 100 ml of N,N-dimethylformamide. 
Potassium carbonate (5.244 g) was added thereto, and the mixture was stirred in an oil bath at 110 °C for 7 

25 hours. The insoluble matters were filtered off, and the filtrate was evaporated to dryness under reduced 
pressure. 1N Sodium hydroxide (300 ml) was added to the residue and the mixture was stirred under 
heating at 50 'C for 1 hour. After cooling, the mixture was neutralized with 1N HCI, purified by ultrafiltration 
(Pellicon cassette system by Millipore Corp., membrane : PT-1 0,000) and evaporated to dryness under 
reduced pressure. Thereafter, it was purified by silica gel column chromatography to give 3.8 g of the title 

30 3,4-bis-methoxypolyethylene glycol dihydrocinnamic acid. 

- Reversed phase high performance liquid chromatography 

Column : YMC-ODS, 5 u, <K6 x 250 mm 

35 Eluent : Gradient 

A Solution : Water (containing 0.1 % trifluoroacetic acid) 

B Solution : Acetonitrile (containing 0.1% trifluoroacetic acid) 

Initial concentration of B Solution : 30% 

Concentration gradient : 1%/min. 

40 Flow rate : 1 ml/min., Detection wavelength : 220 nm 

Retention time : 19.08 minutes 

- High performance gel filtration chromatography 

45 Column : TSK gel G3000 PW, <f>7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI 

Flow rate : 0.6 ml/min. 

Detection : UV 220 nm, differential refraction 

Retention time : 22.1 minutes 



50 



- High performance gel filtration chromatography 



Column : TSK gel G4000 PWxlx2, (</>7.8 x 300 mm)x2 (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI 

55 Flow rate : 0.6 ml/min. 

Detection : UV 220 nm, differential refraction 

Retention time : 28.04 minutes 
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(4) Production of 3, 4-bis-methoxy polyethylene glycol dihydrocinnamic acid N-hydroxysuccinimide ester 



70 



CHa 



CH 3 



+ 0CH 2 CH 2 -t 



i-OCHiCHi-ft- 




0 0. 
CHtCH»C-0-N 



75 



20 



25 



30 



35 



To 3,4-bis-methoxypolyethylene glycol dihydrocinnamic acid (1.5 g) as obtained in (3) in N,N- 
dimethylformamide (15 ml) were added N-hydroxysuccinimide (172.7 mg) and 0.5 M dicyclohexylcar- 
bodiimide in a methylene chloride solution (3 ml), and the mixture was stirred at room temperature for 24 
hours. The precipitate was filtered off, diethyl ether (300 ml) was dropwise added to the filtrate, and newly 
resulted precipitate was filtered off. The precipitate was washed with diethyl ether, dried at room 
temperature for 12 hours to give 1.4 g of the title 3,4-bis-methoxypolyethylene glycol dihydrocinnamic acid 
N-hydroxysuccinimide ester. 

- Reversed phase high performance liquid chromatography 



Column : 
Eluent : 
A Solution : 
B Solution : 

Initial concentration of B Solution : 
Concentration gradient : 
Flow rate : 
Retention time : 



YMC-ODS, 5 U, *4.6 x 250 mm 
Gradient 

Water (containing 0.1% trifluoroacetic acid) 
Acetonitrile (containing 0.1% trifluoroacetic acid) 
30% 
1%/min. 

1 ml/min., Detection wavelength : 214 nm 
21.30 minutes 



High performance gel filtration chromatography 



Column : TSK gel G3000 SW, <f>7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI (containing 5% EtOH) 

Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time : 25.71 minutes 



40 



45 



50 



Example 8 

Production of superoxide dismutase modified by a polyethylene glycol derivative (I) (PEG-modified SOD): 

To 5.0 mg of Cu,Zn-SOD derived from human in 2.5 ml of a 0.1 M borate buffer (pH 8.21) was added 
3,4-bis-methoxypolyethylene glycol dihydrocinnamic acid N-hydroxysuccinimide ester (35 mg, 1 equivalent 
amount relative to the amino group) as obtained in Example 7, and the mixture was stirred at room 
temperature for 1 hour. Then, the reaction mixture was purified by gel filtration on Sephacryl S-200 
(Pharmacia Corp., <J>2.6 x 81 cm). Thereafter, the objective fraction was subjected to desalting and 
concentration by ultrafiltration with the use of YM-30 membrane manufactured by Amicon Corp., thereby 1.8 
ml of the solution containing the objective compound was obtained (contained protein : 900 ug/ml). 

The results of the amino acid analysis by 24 hours' treatment for acid decomposition of the objective 
compound with 6N hydrochloric acid-phenol at 110'C : 



55 
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Asx. 


32.4 (36); 


Glx. 


24.9 (26); 


Ser. 


17.8 (20); 


Gly. 


49.6 (50); 


His. 


15.9 (16); 


Arg. 


7.29 (8); 


Thr. 


14.9 (16); 


Ala. 


20.1 (20); 


Pro. 


9.91 (10); 


Val. 


24.9 (28); 


lie. 


14.0 (18); 


Leu. 


*18.0 (18); 


Phe. 


7.58 (8); 


Lys. 


20.9 (22) 







(* means standard amino acid and the figures in parentheses are theoretical 
values) 



- High performance gel filtration chromatography 

Column : TSK gel G3000 SW, 4>7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI (containing 5% EtOH) 

Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time : 20.03 minutes 

Example 9 

Production of superoxide dismutase modified by a polyethylene glycol derivative (I) (PEG-modified SOD): 

To 5.0 mg of Cu,Zn-SOD derived from human in 2.5 ml of a 0.1 M borate buffer (pH 8.21) was added 
3,4-bis-methoxypolyethylene glycol dihydrocinnamic acid N-hydroxysuccinimide ester (175 mg, 5 equiv- 
alent amount relative to the amino group) as obtained in Example 7, and the mixture was stirred at room 
temperature for 1 hour. Then, the reaction mixture was purified by gel filtration on Sephacryl S-200 
(Pharmacia Corp., 4> 2.6 x 81 cm). Thereafter, the objective fraction was subjected to desalting and 
concentration by ultrafiltration with the use of YM-30 membrane manufactured by Amicon Corp., thereby 1 .8 
ml of the solution containing the objective compound was obtained (contained protein : 1 .59 mg/ml). 

The results of the amino acid analysis by 24 hours' treatment for acid decomposition of the objective 
compound with 6N hydrochloric acid-phenol at 110* C: 



Asx. 


32.6 (36); 


Glx. 


24.8 (26); 


Ser. 


17.8 (20); 


Gly. 


50.5 (50); 


His. 


16.3 (16); 


Arg. 


7.35 (8); 


Thr. 


15.3 (16); 


Ala. 


20.8 (20); 


Pro. 


10.1 (10); 


Val. 


25.3 (28); 


lie. 


14.2 (18); 


Leu. 


*18.0 (18); 


Phe. 


7.95 (8); 


Lys. 


20.5 (22) 







(* means standard amino acid and the figures in parentheses are theoretical 
values) 



- High performance gel filtration chromatography 

45 Column : TSK gel G3000 SW, <j>7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI (containing 5% EtOH) 

Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time : 18.45 minutes 

so Example 10 

Production of insulin-like growth factor-l modified by a polyethylene glycol derivative (I) (PEG-modified IGF- 
I): 

55 To 3.0 mg of IGF-I in 1.5 ml of a 0.1 M borate buffer (pH 8.21) was added 3,4-bis-methoxypolyethylene 
glycol dihydrocinnamic acid N-hydroxysuccinimide ester (49 mg, 3 equivalent amount relative to the amino 
group) as obtained in Example 7, and the mixture was stirred at room temperature for 1 hour. The 
modifying reagent (49 mg) was further added thereto, and the mixture was stirred for 1 hour, followed by 
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purification by gel filtration on Sephacry! S-200 (Pharmacia Corp., <f>2.6 x 81 cm). Thereafter, the objective 
fraction was subjected to desalting and concentration by ultrafiltration with the use of YM-10 membrane 
manufactured by Amicon Corp., thereby 1.8 ml of the solution containing the objective compound was 
obtained (contained protein : 200 ug/ml). 

The results of the amino acid analysis by 24 hours' treatment for acid decomposition of the objective 
compound with 6N hydrochloric acid-phenol at 110* C: 



Asx. 


4.56 (5); 


Glx. 


5.30 (6); 


Ser. 


4.44 (5); 


Gly. 


7.25 (7); 


Arg. 


6.54 (6); 


Thr. 


2.80 (3); 


Ala. 


*6.00 (6); 


Pro. 


4.78 (5); 


Tyr. 


2.93 (3); 


Val. 


2.46 (3); 


Met. 


1.44 (1); 


He. 


0.72 (1); 


Leu. 


5.93 (6); 


Phe. 


4.00 (4); 


Lys. 


2.89 (3) 



(* means standard amino acid and the figures in parentheses are theoretical 
75 values) 



- High performance gel filtration chromatography 

Column : TSK gel G3000 SW, $75 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI (containing 5% EtOH) 

Row rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time : 22.08 minutes 

Example 11 

Production of calcitonin gene related peptide modified by a polyethylene glycol derivative (I) (PEG-modified 
CGRP): 

To 3.0 mg of CGRP in 1.5 ml of a 0.1 M borate buffer (pH 8.21) was added 3,4-bis-methox- 
ypolyethylene glycol dihydrocinnamic acid N-hydroxysuccinimide ester (119 mg, 5 equivalent amount 
relative to the amino group) as obtained in Example 7, and the mixture was stirred at room temperature for 
2 hours. Then, the reaction mixture was purified by gel filtration on Sephacryl S-200 (Pharmacia Corp., 4>2.6 
x 81 cm). Thereafter, the objective fraction was subjected to desalting and concentration by ultrafiltration 
with the use of YM-10 membrane manufactured by Amicon Corp., thereby 1.8 ml of the solution containing 
the objective compound was obtained (contained protein : 154 iig/ml). 

The results of the amino acid analysis by 24 hours' treatment for acid decomposition of the objective 
compound with 6N hydrochloric acid-phenol at 110 W C: 



Asx. 


3.74 (4); 


Ser. 


2.68 (3); 


Gly. 


4.29 (4); 


His. 


0.83 (1); 


Arg. 


2.03 (2); 


Thr. 


3.48 (4); 


Ala. 


3.86 (4); 


Pro. 


1.01 (1); 


Val. 


4.12(5); 


Leu. 


*3.00 (3); 


Phe. 


2.08 (2); 


Lys. 


1.70(2); 



(* means standard amino acid and the figures in parentheses are theoretical 
values) 



so - High performance gel filtration chromatography 

Column : TSK gel G3000 SW, <f>7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI (containing 5% EtOH) 

Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

55 Retention time : 16.42 minutes 
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Example 12 

Production of elastase modified by a polyethylene glycol derivative (I) (PEG-modified elastase): 

To 3.0 mg of swine elastase in 2.5 ml of a 0.1 M borate buffer (pH 8.21) was added 3,4-bis- 
methoxypolyethylene glycol dihydrocinnamic acid N-hydroxysuccinimide ester (111 mg, 20 equivalent 
amount relative to the amino group) as obtained in Example 7, and the mixture was stirred for 5 hours. 
Then, the reaction mixture was purified by gel filtration on Sephacryl S-200 (Pharmacia Corp., $2.6 x 81 
cm). Thereafter, the objective fraction was subjected to desalting and concentration by ultrafiltration with the 
use of YM-10 membrane manufactured by Amicon Corp., thereby 1 ml of the solution containing the 
objective compound was obtained (contained protein : 90 ug/ml). 

The results of the amino acid analysis by 24 hours' treatment for acid decomposition of the objective 
compound with 6N hydrochloric acid-phenol at 110* C: 



Asx. 


20.4 (24); 


Glx. 


15.5 (19); 


Ser. 


17.4 (22); 


Gly. 


29.2 (25); 


His. 


4.23 (6); 


Arg. 


11.6 (12); 


Thr. 


14.4 (19); 


Ala. 


17.4 (17); 


Pro. 


7.31 (7); 


Tyr. 


6.67 (11); 


Val. 


16.3 (27); 


Met. 


2.37 (2); 


lie. 


8.39 (10); 


Leu. 


*18.0 (18); 


Phe. 


6.81 (3); 


Lys. 


6.88 (3); 











(* means standard amino acid and the figures in parentheses are theoretical 
values) 



- High performance gel filtration chromatography 

Column : TSK gel G3000 SW, $7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI (containing 5% EtOH) 

Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time : 16.54 minutes 

Example 13 

Production of growth hormone-releasing factor modified by a polyethylene glycol derivative (I) [PEG- 
modified GRF(1-44)NH 2 ]: 

To 3.0 mg of GRF(1-44)NH 2 in 1.5 ml of a 0.1 M borate buffer (pH 8.21) was added 3,4-bis- 
methoxypolyethylene glycol dihydrocinnamic acid N-hydroxysuccinimide ester (120 mg, 5 equivalent 
amount relative to the amino group) as obtained in Example 7,^and the mixture was stirred at room 
temperature for 1 hour. Then, the reaction mixture was purified by gel filtration on Sephacryl S-200 
(Pharmacia Corp., $2.6 x 81 cm). Thereafter, the objective fraction was subjected to desalting and 
concentration by ultrafiltration with the use of YM-10 membrane manufactured by Amicon Corp., thereby 1.8 
ml of the solution containing the objective compound was obtained (contained protein : 86 ug/ml). 

The results of the amino acid analysis by 24 hours* treatment for acid decomposition of the objective 
compound with 6N hydrochloric acid-phenol at 110* C: 



Asx. 


3.48 (4); 


Glx. | 


6.21 (7); 


Ser. 


3.42 (4); 


Gly. 


3.13 (3); 


Arg. 


6.07 (6); 


Thr. 


0.94 (1); 


Ala. 


4.75 (5); 


Tyr. 


1.73 (2); 


Val. 


0.93 (1); 


Met. 


0.42 (1); 


lie. 


2.01 (2); 


Leu. 


*5.00 (5); 


Phe. 


0.98 (1); 


Lys. 


1.65 (2) 







C means standard amino acid and the figures in parentheses are theoretical 
values) 
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- High performance gel filtration chromatography 

Column : TSK gel G3000 SW, 4>7.5 x 600 mm (Manufactured by Toso Corp.) 

Eluent : 0.2 M NaCI (containing 5% EtOH) 

Flow rate : 0.6 ml/min., Detection wavelength : 220 nm 

Retention time : 22.08 minutes 

Claims 

Claims for the following Contracting States : AT, BE, CH, LI, DE, DK, FR, GB, GR, IT, LU, NL, SE 

1. A polyethylene glycol derivative of the formula 

Ri-t-0CHtCH»-> 

COOH (I) 




R 2 -^0CH*CH*tT 



wherein Ri and Ffe are the same or different and each represents a straight or branched alkyl group 
having 1 to 4 carbon atoms, m and n are the same or different and each represents a positive integer 
and p is 0 or a positive integer. 

2. A polyethylene glycol derivative as claimed in Claim 1 wherein m and n are respectively a positive 
integer of 10 to 400. 

3. A polyethylene glycol derivative as claimed in Claim 1 wherein p is 0 or a positive integer of 1 to 10. 

4. A polyethylene glycol derivative as claimed in Claim 1 which is selected from the group consisting of 
3,5-bis-methoxypolyethylene glycol benzoic acid and 3,4-bis-methoxypolyethylene glycol dihydrocin- 
namic acid. 

5. A modified peptide wherein amino groups in the peptide are modified by a polyethylene glycol 
derivative as claimed in Claim 1 . 

6. A modified peptide as claimed in Claim 5 wherein the peptide has 2 or more amino acids bound by 
peptide bonds and at least one of the constituent amino acids has a free amino group. 

7. A modified peptide as claimed in Claim 5 wherein the peptide is selected from the group consisting of 
superoxide dismutase, insulin-like growth factor-l, insulin-like growth factor-ll, calcitonin gene related 
peptide, elastase and growth hormone-releasing factor. 

8. A modified peptide as claimed in Claim 5 which is selected from the group consisting of superoxide 
dismutase modified by 3,5-bis-methoxypolyethylene glycol benzoic acid, insulin-like growth factor-l 
modified by 3,5-bis-methoxypolyethylene glycol benzoic acid, insulin-like growth factor-ll modified by 
3,5-bis-methoxypolyethylene glycol benzoic acid, calcitonin gene related peptide modified by 3,5-bis- 
methoxypolyethylene glycol benzoic acid, elastase modified by 3,5-bis-methoxypolyethylene glycol 
benzoic acid, superoxide dismutase modified by 3,4-bis-methoxypolyethyleneglycol dihydrocinnamic 
acid, insulin-like growth factor-! modified by 3,4-bis-methoxypolyethylene glycol dihydrocinnamic acid, 
calcitonin gene related peptide modified by 3,4-bis-methoxypolyethylene glycol dihydrocinnamic acid, 
elastase modified by 3,4-bis-methoxypolyethylene glycol dihydrocinnamic acid and growth hormone- 
releasing factor modified by 3,4-bis-methoxypolyethylene glycol dihydrocinnamic acid. 

9. A method for producing a modified peptide comprising reacting a carboxyl group-activated compound 
of the polyethylene glycol derivative as claimed in Claim 1 with a peptide having at least one free 
amino group. 
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10. A method for producing a polyethylene glycol derivative as claimed in Claim 1 comprising reacting a 
compound of the formula (III) or (IIP) 



Ri 1 OCrWCHrhr- Xx (III) 

Ri 1 OCH.CHrfc; — X, (III- ) 

70 

wherein Xi and X2 are the same or different and each represents an alkylsulfonyloxy, an aromatic 
sulfonyloxy or a halogen, and Ri, R2, m and n are as defined in Claim 1, with a compound of the 
formula (IV) 

75 
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(IV) 



35 



wherein p is as defined in Claim 1 . 

25 11. A pharmaceutical composition comprising a modified peptide as claimed in any one of claims 5, 6, 7 
and 8 and a pharmaceutical^ acceptable carrier. 

12. A method for producing a pharmaceutical composition which comprises admixing a modified peptide as 
claimed in any one of claims 5, 6, 7 and 8 with a pharmaceutical^ acceptable carrier. 

30 

Claims for the following Contracting State : ES 

1. A method for producing a polyethylene glycol derivative of the formula 

Ri^0CH»CH,t=— 0 -v 

uTj) e-Crh-hr COOH (I) 

40 R 2 -eocHzCH*-)-; — 0 ^ 



wherein Ri and Ffe are the same or different and each represents a straight or branched alkyl group 
having 1 to 4 carbon atoms, m and n are the same or different and each represents a positive integer 
45 and p is 0 or a positive integer, which comprises reacting a compound of the formula (III) or (IIP) 



Ri 1 0CH 2 CHa-hT— Xi (III) 



50 



R 2 1 OCihCHrhr— x 2 (iir ) 



wherein Xi and X2 are the same or different and each represents an alkylsulfonyloxy, an aromatic 
55 sulfonyloxy or a halogen, and Ri, R 2 , m and n are as defined above, with a compound of the formula 
(IV) 
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HO 




O) 1 CH* -tr— COOH 



(IV) 



wherein p is as defined above. 

2. A method as claimed in claim 1 wherein m and n are respectively a positive integer of 10 to 400. 

3. A method as claimed in claim 1 wherein p is 0 or a positive integer of 1 to 10. 

4. A method as claimed in claim 1 wherein the produced polyethylene glycol derivative is selected from 
the group consisting of 3,5-bis-methoxy-polyethylene glycol benzoic acid and 3,4-bis-methox- 
ypolyethylene glycol dihydrocinnamic acid. 

5. A method for producing a modified peptide wherein the amino groups in the peptide are modified by a 
polyethylene glycol derivative as produced in claim 1, which comprises reacting a carboxyl group- 
activated compound of the polyethylene glycol derivative as produced in claim 1 with a peptide having 
at least one free amino group. 

6. A method as claimed in claim 5 wherein the peptide has 2 or more amino acids bound by peptide 
bonds and at least one of the constituent amino acids has a free amino group. 

7. A method as claimed in claim 5 wherein the peptide is selected from the group consisting of 
superoxide dismutase, insulin-like growth factor-l, insulin-like growth factor-ll, calcitonin gene related 
peptide, elastase and growth hormone-releasing factor. 

8. A method as claimed in claim 5 wherein the modified peptide is selected from the group consisting of 
superoxide dismutase modified by 3, 5-bis-methoxy polyethylene glycol benzoic acid, insulin-like growth 
factor-l modified by 3,5-bis-methoxypolyethylene glycol benzoic acid, insulin-like growth factor-ll 
modified by 3,5-bis-methoxypolyethylene glycol benzoic acid, calcitonin gene related peptide modified 
by 3,5-bis-methoxypolyethylene glycol benzoic acid, elastase modified by 3,5-bis-methoxypolyethylene 
glycol benzoic acid, superoxide dismutase modified by 3,4-bis-methoxypolyethyleneglycol dihydrocin- 
namic acid, insulin-like growth factor-l modified by 3,4-bis-methoxypolyethylene glycol dihydrocinnamic 
acid, calcitonin gene related peptide modified by 3,4-bis-methoxypolyethylene glycol dihydrocinnamic 
acid, elastase modified by 3,4-bis-methoxypolyethylene glycol dihydrocinnamic acid and growth hor- 
mone-releasing^factor modified by 3,4-bis-methoxypolyethylene glycol dihydrocinnamic acid. 

9. A method for producing a pharmaceutical composition which comprises admixing a modified peptide as 
produced in any one of claims 5, 6, 7 and 8 with a pharmaceutical^ acceptable carrier. 

PatentansprUche 

PatentansprUche fUr folgende Vertragsstaaten : AT, BE, CH, LI, DE, DK, FR, GB, GR, IT, LU, NL, SE 

1 . Polyethylenglycolderivat der Formel 



worin Ri und Ffe gleich Oder verschieden sind und jeweils eine geradkettige oder verzweigte Alkylgrup- 




irCWz^tr C00H (I) 
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pe mit 1 bis 4 Kohlenstoffatomen darstellen, m und n gleich oder verschieden sind und jeweils eine 
positive ganze Zahl darstellen und p 0 Oder eine positive ganze Zahl ist. 

2. Polyethylenglycolderivat gemaB Anspruch 1, wobei m und n jeweils eine positive ganze Zahl von 10 bis 
400 sind. 

3. Polyethylenglycolderivat gemaB Anspruch 1, wobei p 0 Oder eine positive ganze Zahl von 1 bis 10 ist. 

4. Polyethylenglycolderivat gemaB Anspruch 1, das aus der Gruppe ausgewahlt ist, die aus 3,5-Bis- 
(methoxypolyethylenglycol)benzoesaure und 3,4-Bis(methoxypolyethylenglycol)dihydrozimtsaure be- 
steht. 

5. Modifiziertes Peptid, wobei Aminogruppen in dem Peptid durch ein Polyethylenglycolderivat gemaB 
Anspruch 1 modifiziert sind. 

6. Modifiziertes Peptid gemaB Anspruch 5, wobei das Peptid 2 Oder mehr Aminosauren aufweist, die 
durch Peptidbindungen gebunden sind, und wenigstens eine der konstituierenden Aminosauren eine 
freie Aminogruppe tragt. 

7. Modifiziertes Peptid gemaB Anspruch 5, wobei das Peptid aus der Gruppe ausgewahlt ist, die aus 
Superoxid-Dismutase, insulinartigem Wachstumsfaktor I, insulinartigem Wachstumsfaktor II, Calcitonin- 
Gen-verwandtem Peptid, Elastase und Wachstumshormon-freisetzendem Faktor besteht. 

8. Modifiziertes Peptid gemaB Anspruch 5, das aus der Gruppe ausgewa'hlt ist, bestehend aus Superoxid- 
Dismutase, die durch 3,5-Bis(methoxypolyethylenglycol)benzoesaure modifiziert ist, insulinartigem 
Wachstumsfaktor I, der durch 3,5-Bis(methoxypolyethylenglycol)benzoesSure modifiziert ist, insulinarti- 
gem Wachstumsfaktor ll t der durch 3,5«Bis(methoxypolyethylenglycol)benzoesaure modifiziert ist, Cal- 
citonin-Gen-verwandtem Peptid, das durch 3,5-Bis(methoxypolyethylenglycol)benzoesaure modifiziert 
ist, Elastase, die durch 3,5-Bis(methoxypolyethylenglycol)benzoesaure modifiziert ist, Superoxid-Dismu- 
tase, die durch 3,4-Bis(methoxypolyethylenglycol)dihydrozimtsaure modifiziert ist, insulinartigem 
Wachstumsfaktor I, der durch 3,4-Bis(methoxypolyethylenglycol)dihydrozimtsSure modifiziert ist, Calci- 
tonin-Gen-verwandtem Peptid, das durch 3,4-Bis(methoxypolyethylenglycol)dihydrozimtsaure modifi- 
ziert ist, Elastase, die durch 3,4-Bis(methoxypolyethylenglycol)dihydrozimtsaure modifiziert ist, und 
Wachstumshormon-freisetzendem Faktor, der durch 3,4-Bis(methoxypolyethylenglycol)- 
dihydrozimtsSure modifiziert ist. 

9. Verfahren zur Herstellung eines modifizierten Peptids, umfassend das Umsetzen einer an der Carboxy- 
gruppe aktivierten Verbindung des Polyethylenglycolderivats gemaB Anspruch 1 mit einem Peptid, das 
wenigstens eine freie Aminogruppe aufweist. 

10. Verfahren zur Herstellung eines Polyethylenglycolderivats gemaB Anspruch 1, umfassend das Umset- 
zen einer Verbindung der Formel (III) Oder (IIP) 

Ri e OCHiCHrhT- Xi (III) 

R* t 0CH 2 CH2-ti; — Xi (III 1 ) 

worin Xi und X2 gleich Oder verschieden sind und jeweils eine Alkylsulfonyloxygruppe, eine aromati- 
sche Sulfonyloxygruppe Oder ein Halogen darstellen und R1, R2, m und n wie in Anspruch 1 definiert 
sind, mit einer Verbindung der Formel (IV) 



23 



EP 0 473 084 B1 




CH»-t7— COOH 



(IV) 



worin p wie in Anspruch 1 definiert ist. 

10 

11. Pharmazeutische Zusammensetzung, die ein modifiziertes Peptid gemaB einem der Anspruche 5, 6, 7 
und 8 sowie einen pharmazeutisch annehmbaren Trager umfaBt. 

12. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, das das Mischen eines modifi- 
15 zierten Peptids gemaB einem der AnsprUche 5, 6, 7 und 8 mit einem pharmazeutisch annehmbaren 

Trager umfaBt. 

Patentanspriiche fur folgenden Vertragsstaat : ES 

20 1. Verfahren zur Herstellung eines Polyethylenglycolderivats der Formel 



25 



^-f-OCHtCHi+i 



OCHiCHtt; — 0 




f-CH, 



COOH (I) 



30 worin Ri und Ffe gleich oder verschieden sind und jeweils eine geradkettige Oder verzweigte Alkylgrup- 
pe mit 1 bis 4 Kohlenstoffatomen darstellen, m und n gleich oder verschieden sind und jeweils eine 
positive ganze Zahl darstellen und p 0 oder eine positive ganze Zahl ist, umfassend das Umsetzen 
einer Verbindung der Formel (III) oder (III') 



35 



Rr 
Rr 



-t OCHtCHrhr- Xi 
"t OC^CHi-ft — X 2 



(III) 

dir ) 



40 



worin Xi und X2 gleich oder verschieden sind und jeweils eine Alkylsulfonyloxygruppe, eine aromati- 
sche Sulfonyloxygruppe oder ein Halogen darstellen und R1.R2.rn und n wie oben definiert sind. mit 
einer Verbindung der Formel (IV) 



45 



so 



HO 



HO 




o 



CH 



» ~TT 



COOH 



(IV) 



worin p wie oben definiert ist. 
55 2. Verfahren gemaB Anspruch 1. wobei m und n jeweils eine positive ganze Zahl von 10 bis 400 sind. 
3. Verfahren gemaB Anspruch 1, wobei p 0 oder eine positive ganze Zahl von 1 bis 10 ist 
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70 



75 



20 



25 



30 



35 



40 



45 



50 



4. Verfahren gemaB Anspruch 1, wobei das hergestellte Polyethylenglycolderivat aus der Gruppe ausge- 
wShlt ist, die aus 3,5-Bis(methoxypolyethylenglycol)benzoes§ure und 3,4-Bis- 
(methoxypolyethylenglycol)dihydrozimtsaure besteht. 

5. Verfahren zur Herstellung eines modifizierten Peptids, wobei die Aminogruppen in dem Peptid durch 
ein Polyethylenglycolderivat modifiziert sind, das gemaB Anspruch 1 hergestellt wurde, umfassend das 
Umsetzen einer an der Carboxygruppe aktivierten Verbindung des Polyethylenglycolderivats. wie es in 
Anspruch 1 hergestellt wird, mit einem Peptid, das wenigstens eine freie Aminogruppe aufweist. 

6. Verfahren gemaB Anspruch 5, wobei das Peptid 2 oder mehr AminosSuren aufweist. die durch 
Peptidbindungen gebunden sind, und wenigstens eine der konstituierenden Aminosauren eine freie 
Aminogruppe tragi 

7. Verfahren gemaB Anspruch 5, wobei das Peptid aus der Gruppe ausgewShlt ist, die aus Superoxid- 
Dismutase, insulinartigem Wachstumsfaktor I, insulinartigem Wachstumsfaktor II, Calcitonin-Gen-ver- 
wandtem Peptid, Elastase und Wachstumshormon-freisetzendem Faktor besteht. 

8. Verfahren gemaB Anspruch 5, wobei das modifizierte Peptid aus der Gruppe ausgewahlt ist, bestehend 
aus Superoxid-Dismutase, die durch 3,5-Bis(methoxypolyethylenglycol)benzoesaure modifiziert ist, in- 
sulinartigem Wachstumsfaktor I, der durch 3,5-Bis(methoxypolyethylenglycol)benzoesMure modifiziert 
ist, insulinartigem Wachstumsfaktor II, der durch 3,5-Bis(methoxypolyethylenglycol)benzoesaure modifi- 
ziert ist, Calcitonin-Gen-verwandtem Peptid, das durch 3,5-Bis(methoxypolyethylenglycol)benzoesaure 
modifiziert ist, Elastase, die durch 3,5-Bis(methoxypolyethylenglycol)benzoesaure modifiziert ist, Sup- 
eroxid-Dismutase, die durch 3,4-Bis(methoxypolyethylenglycol)dihydrozimtsaure modifiziert ist, insulin- 
artigem Wachstumsfaktor I, der durch 3,4-Bis(methoxypolyethylenglycol)dihydrozimtsaure modifiziert 
ist, Calcitonin-Gen-verwandtem Peptid, das durch 3,4-Bis(methoxypolyethylenglycol)dihydrozimtsaure 
modifiziert ist, Elastase, die durch 3,4-Bis(methoxypolyethylenglycol)dihydrozimtsaure modifiziert ist, 
und Wachstumshormon-freisetzendem Faktor, der durch 3,4-Bis(methoxypolyethylenglycol)- 
dihydrozimtsaure modifiziert ist. 

9. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, das das Mischen eines modifi- 
zierten Peptids, wie es in einem der Anspruche 5, 6, 7 und 8 hergestellt wurde, mit einem pharmazeu- 
tisch annehmbaren Trager umfaBt. 

Revendlcations 

Revendications pour les Etats contractants suivants : AT, BE, CH, LI, DE, DK, FR, GB, GR, IT, LU, 
NL, SE 

1. Derive de poly&hyleneglycol de formule 



dans laquelle Ri et R2 sont identiques ou diffeVents, et chacun represente un groupe alkyle comportant 
1 a 4 atomes de carbone, lin^aire ou ramifi^, m et n sont identiques ou diffeVents, et chacun represente 
un nombre entier positif, et p est 0 ou un nombre entier positif. 

2. Derive* de polySthyleneglycol selon la revendication 1, dans lequel m et n sont respectivement des 
nombres entiers positifs de 10 a 400. 

3. Derive* de poly^thyleneglycol selon la revendication 1, dans lequel p est 0 ou un nombre entier positif 




de 1 a 10. 
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4. Derive de polyethyleneglycol selon la revendication 1, qui est choisi dans le groupe constitue par 
I'acide 3,5-bis-m6thoxypoly6thyleneglycolbenzoTque et I'acide 3,4-bis-m6thoxypoly4thyl£neglycoldihy- 
drocinnamique. 

5. Peptide modifi§, dans lequel ies groupes amino du peptide sont modifies par un derive de polyethyle- 
neglycol selon la revendication 1 . 

6. Peptide modifie selon la revendiction 5, dans lequel le peptide possede 2 acides amines ou plus \\6s 
par des liaisons peptidiques et au moins un des acides amipes constitutifs possfcde un groupe amino 
libre. 

7. Peptide modifie selon la revendication 5, dans lequel le peptide est choisi dans le groupe constituS par 
la superoxyde dismutase, le facteur de croissance I insulinique, le facteur de croissance II insulinique, 
le peptide apparente au gene de la calcitonine, lielastase et la somatocrinine. 

8. Peptide modifie selon la revendication 5, qui est choisi dans le groupe constitu§ par la superoxyde 
dismutase modifiee par I'acide 3,5-bis-m6thoxypolyethyleneglycolbenzoTque, le facteur de croissance I 
insulinique modifie par I'acide 3,5-bis-methoxypoly6thyleneglycolbenzoTque, le facteur de croissance II 
insulinique modifie par I'acide 3,5-bis-m£thoxypolyethyleneglycolbenzoTque, le peptide apparente au 
gene de la calcitonine modifte par I'acide 3,5-bis-m6thoxypoly£thyfeneg!ycolbenzoTque, l'6lastase 
modifiee par I'acide 3,5-bis-methoxypoly6thyleneg!ycolbenzoTque, la superoxyde dismutase modifiee 
par I'acide 3,4-bis-m6thoxypoly6thyleneglycoldihydrocinnamique, le facteur de croissance I insulinique 
modifie par I'acide 3,4-bis-methoxypolyethyleneglycoldihydrocinnamique, le peptide apparente au gene 
de la calcitonine modify par I'acide 3,4-bis-m6thoxypoly6thyl§neglycoldihydrocinnamique, l'6lastase 
modifiee par I'acide 3,4-bis-methoxypolyethyleneglycoldihydrocinnamique et la somatocrinine modifiee 
par I'acide 3,4-bis-methoxypoly^thyl5neglycoldihydrocinnamique. 

9. Procede de production d'un peptide modifie, comprenant la reaction d'un compose active par un 
groupe carboxyle du derive de polyethyleneglycol selon la revendication 1 avec un peptide possedant 
au moins un groupe amino libre. 

10. Procede de production d'un derive de polyethyleneglycol selon la revendication 1, comprenant la 
reaction d'un compost de formule (III) ou (III') 

R[ (- OCHiCHft^— Xi (HI) 

Rj (- OCH.CHftT— Xi (II 1 ' > 



ou Xi et X2 sont identiques ou diffSrents, et chacun reprSsente un groupe alkylsulfonyloxy, un groupe 
sulfonyloxy aromatique ou un atome d'halogene, et Rt, R2, m et n sont tels que definis dans la 
revendication 1 , avec un compost de formule (IV) 




(IV) 



dans laquelle p est tel que defini dans la revendication 1. 

11. Composition pharmaceutique comprenant un peptide modifte, selon I'une quelconque des revendica- 
tions 5, 6, 7 et 8, et un vehicule pharmaceutiquement acceptable. 
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12. Proc6d§ de production d'une composition pharmaceutique, qui comprend le melange d'un peptide 
modifie, selon Tune quelconque des revendications 5, 6, 7 et 8, avec un vShicule pharmaceutiquement 
acceptable. 



5 Revendications pour I'Etat contractant suivant : ES 

1. Proc^de* de production d'un derive* de polyethyleneglycol de formule 



10 



15 



OCHtCHi 



iU-{-0CHzCHi- 




COOH (I) 



20 



dans laquelle Ri et R2 sont identiques ou differents, et chacun repr^sente un groupe alkyle comportant 
1 a 4 atomes de carbone, lineaire ou ramifie, m et n sont identiques ou differents, et chacun represente 
un nombre entier positif, et p est 0 ou un nombre entier positif, qui comprend la reaction d'un compose 
de formule (III) ou (III*) 



25 



Rl e OCHxCHrhs — X ; 

R , • ( OCIItCHrtT— X» 



(IU) 
(IIP) 



30 ou X1 et X2 sont identiques ou differents, et chacun represente un groupe alkylsulfonyloxy, un groupe 
sulfonyloxy aromatique ou un atome d'halogene, et Ri, R 2 , m et n sont tels que d£finis ci-dessus, avec 
un compose de formule (IV) 




(IV) 



40 



dans laquelle p est tel que d£fini ci-dessus. 

2. Procddd selon la revendication 1, dans lequel m et n sont respectivement des nombres entiers positifs 
45 de 10 a 400. 

3. Proc6de" selon la revendication 1, dans lequel p est 0 ou un nombre entier positif de 1 a 10. 

4. Proc6de" selon la revendication 1 , dans lequel le derive de polyethyleneglycol est choisi dans le groupe 
50 constitue par I'acide 3,5-bis-methoxypolyethyleneglycolbenzoTque et I'acide 3,4-bis-m£thoxypoly6thyle- 

neglycoldihydrocinnamique. 

5. Proc6d6 de production d'un peptide modify dans lequel les groupes amino du peptide sont modifies 
par un derive* de polyethyleneglycol tel que produit dans la revendication 1 , qui comprend la reaction 

55 d'un compost active par un groupe carboxyle du derive de polyethyleneglycol tel que produit dans la 
revendication 1 avec un peptide possedant au moins un groupe amino libre. 
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6. Procede selon ia revendication 5, dans lequel le peptide possede 2 acides amines ou plus lies par des 
liaisons peptidiques et au moins un des acides amines constitutifs possede un groupe amino libre. 

7. ProcSde* selon la revendication 5, dans lequel le peptide est choisi dans le groupe constitue* par la 
superoxyde dismutase, le facteur de croissance I insulinique, le facteur de croissance II insulinique, le 
peptide apparent^ au gene de la calcitonine, I'dlastase et la somatocrinine. 

a Procede* selon la revendication 5, dans lequel le peptide modifie est choisi dans le groupe constitue par 
la superoxyde dismutase modifiee par I'acide 3,5-bis-m6thoxypolyethyleneglycolben2oVque, le facteur 
de croissance I insulinique modifie* par I'acide 3,5-bis-methoxypolyethyleneglycolben2oTque, le facteur 
de croissance II insulinique modifie* par I'acide 3 t 5-bis-m4thoxypolyethyIeneglycoIbenzoYque, le peptide 
apparent^ au gene de la calcitonine modifie par I'acide 3,5-bis-methoxypolyethyleneglycolbenzoVque, 
I'elastase modified par I'acide 3,5-bis-m6thoxypolyethyleneglycolbenzoTque,la superoxyde dismutase 
modifiee par I'acide 3,4-bis-methoxypolyethyleneglycoldihydrocinnamique, le facteur de croissance I 
insulinique modifie* par I'acide 3,4-bis-methoxypolyethyleneglycoldihydrocinnamique, le peptide appa- 
rente au gene de la calcitonine modifie par I'acide 3,4-bis-methoxypoIyethyleneglycoldihydrocinnami- 
que, I'elastase modifiee par I'acide 3,4-bis-m4thoxypoly6thyleneglycoldihydrocinnamique et ia somato- 
crinine modifiee par I'acide 3,4-bis-methoxypolyethyleneglycoldihydrocinnamique. 

9. Proc6de* de production d'une composition pharmaceutique, qui comprend le melange d'un peptide 
modifie, tel que produit dans Tune quelconque des revendications 5, 6, 7 et 8, avec un vehicule 
pharmaceutiquement acceptable. 
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